Study Design: Retrospective cohort study.
Introduction
Lumbar discectomy for the treatment of lumbar radiculopathy from nerve root compression is the most commonly performed neurosurgical procedure with more than 300 000 cases yearly in the United States. 1, 2 Lumbar disc herniation remains one of the main factors resulting in an estimated 80% of Americans experiencing low back pain during their lifetime. Lumbar disc herniations are often broadly classified based on their axial location, including central, paracentral, and far lateral.
A far lateral herniated nucleus pulposus (HNP) represents anywhere from 0.7% to 11.7% of all lumbar disc protrusions. 5 The clinical presentation of patients with far lateral disc herniations has subtleties that may distinguish them from central and paracentral herniations. Because far lateral lesions impinge on the nerve roots exiting at the same level of the herniation, more cephalad nerve root syndromes are observed as compared with central or paracentral herniations which compress the inferior root. 6 Given the predisposition of far lateral HNP to directly compress the dorsal root ganglion, it may be surmised that far lateral HNP is associated with a worse postoperative course and outcome following lumbar discectomy compared with central/ paracentral herniations.
Far lateral disc herniation is often associated with a more difficult surgical procedure as standard surgical approaches for more common lumbar herniations are not readily transferrable to far lateral variants because the lamina impedes access to the disc if a posterior approach is used. 7 It follows that there is currently no consensus approach to surgical management. Current literature delves extensively into the various surgical approaches, management course, and outcomes of far lateral disc herniation. [6] [7] [8] [9] [10] [11] [12] However, literature does not provide description of the comparative post-operative outcomes between those presenting with a far lateral HNP and those with a central or paracentral herniation. The goal of this study is to examine pre-and postoperative outcomes between patients presenting with a central/ paracentral versus a far lateral HNP and assess whether significantly worse postoperative outcomes, assessed via patientreported survey, are associated with far lateral disc herniation.
Methods

Patient Population
Following institutional review board (ORA# 16 251 619) approval, we retrospectively reviewed the records of consecutive patients who underwent a primary lumbar decompression between January 2008 and December 2015. All surgeries were performed by 1 of 2 senior orthopedic surgeons (HSA, EG) at a single quaternary referral medical center. Indication for surgery was radiculopathy and/or neurogenic claudication in the setting of failed conservative treatments. Patients were excluded from analysis if they were younger than 18 years at the time of surgery, if they had undergone a previous lumbar surgical procedure (decompression and/or fusion) or had follow-up less than 3 months. Groups were divided based on herniation type, central/paracentral or far lateral (Figure 1 ).
Surgical Procedure
Surgical procedures for both discs were carried out using a standard posterior approach. Following induction of general anesthesia, patients were positioned prone.
Central and Paracentral Disc Herniation. A midline incision was made and carried through the fascia. Cephalad and caudal dissection was performed subperiosteally and did not extend beyond the midpoint of the supra-and subjacent vertebrae. Care was taken to preserve target-level facet joints. A microscope was brought into the field for the decompression. A curette was used to separate the ligamentum flavum from the ventral surface of the lamina. A laminotomy was performed to allow for visualization of the traversing root and disc space. The thecal sac was then retracted to the contralateral side. A Penfield retractor was used to identify the disc space and annular defect. Once the defect was identified, disc fragments were removed. A nerve hook or Woodson were then used to mobilize any remaining disc material and deliver them to the annular defect. At the conclusion of our decompression, the nerve root was noted to be free and mobile.
Far Lateral Disc Herniation. A paramedian incision was used approximately 4 cm off the midline. This was localized to the appropriate level. A Wiltse approach to the spine was then used to access the lateral aspect of the facet joint and the transverse processes. Following radiographic confirmation of level, a microscope was used to complete the exposure of the intertransverse fascia. This fascia was divided to identify the nerve root. This is then traced back to the foramen; the lateral aspect of the facet was removed to improve visualization. The disc fragment was then identified and removed. Care was taken to avoid any excessive retraction of the nerve root and to avoid cautery around the dorsal root ganglion when possible.
Demographic and Outcome Measurements
Demographic information was collected for all patients that included age, sex, body mass index, diabetes, smoking status, and Charleston Comorbidity Index (CCI). Patient-reported outcomes were obtained in the form of Oswestry Disability Index (ODI) scores, Visual Analog Scales (VAS) scores for the back and leg, 12-Item Short Form Mental and Physical Survey (SF-12) scores, and the Veterans RAND 12-Item Health Mental and Physical Survey (VR-12) scores. Achievement of minimally clinically important difference (MCID) for VAS back, VAS leg, ODI, SF-12, and VR-12 were collected using threshold scores that have been previously established in literature: improvement in VAS back of 1.2, improvement in VAS leg of 1.71, improvement in ODI by 7.1%; improvement in SF-12 mental of 10.1; SF-12 physical in improvement of 2.52; improvement in VR-12 mental of 2.53, and improvement in VR-12 physical of 2.53. [13] [14] [15] Duration of symptoms and reoperation rates were also collected.
Statistical Analysis
Baseline patient characteristics were compared using chisquared analysis and independent-sample t tests for categorical and continuous data, respectively. Bivariate and multivariate regressions were subsequently used to compare clinical Table 2) .
The improvement in ODI score from preoperative to final was significantly lower in the patients presenting with a far lateral disc herniation (35.53 + 20.06 vs 9.26 + 13.68; P ¼ .01) (Table 3, Figure 2 ). No statistically significant changes in reported SF-12 and VR-12 scores were found from the preoperative to postoperative reported scores in both central/ paracentral and far lateral herniations. No differences in achievement of MCID for VAS back, VAS leg, ODI SF-12, or VR-12 scores were found (Table 4) .
Discussion
Lumbar discectomy for treatment of lumbar radiculopathy remains one of the most common surgical procedures in the United States.
1,2 The common place nature of this procedure makes it important to understand the outcomes expected after specific subtypes of lumbar disc herniation. While the natural course of paracentral and central disc herniations is well documented, less is known about outcomes following far lateral HNP. To our knowledge, this study represents the first study to compare outcomes of far lateral HNP to the more common central/paracentral HNP.
Our results suggest that patients with far lateral HNP have significantly higher levels of preoperative disability as measured by SF-12 mental and VR-12 mental scores. This is not surprising given that the far lateral HNP is anatomically predisposed to direct compression of the dorsal root ganglion, it may follow that far lateral HNP is associated with increased morbidity and post-surgical outcomes. 16 Patients with far lateral HNP recorded significantly higher postoperative ODI scores, and patient recorded ODI scores reflected a significantly lower improvement in patients with far lateral HNP. While this contradicts our data found relative to the other scoring methodologies (VR-12 and SF-12), this may be explained by the mechanism of herniation. While improvement was undoubtedly realized for patients with far lateral herniation per their ODI scores, the difference in MCID ODI between the central or paracentral cohort and far lateral cohort was not found to be statistically significant. This lack of difference demonstrates that an improvement of 9 points may be statistically significant but is not clinically evident. Despite the lack of difference in MCID ODI between the central or paracentral cohort and far lateral cohort, it is important to discuss the reason for less improvement in ODI for patients with far lateral herniation. One reason for the inferior ODI scores in far lateral disc herniation may be the location of the herniation. Lateral HNP commonly occurs at higher lumber levels which have been shown to be associated with pseudoradicular pain. Resolving pseudoradicular symptoms can present as back pain and impact ODI in far lateral herniation more than central/ paracentral herniation. 17 Another possible explanation for lower ODI improvement for far lateral herniation may be the surgeon's familiarity with the technique used to preform soft tissue dissection for lateral HNP as these are less common than central and paracentral HNP. MCID for VAS back, VAS leg, SF-12, and VR-12 scores was also not significantly different between the 2 cohorts. Reevaluating postoperative scores after a longer period of time has passed may be an opportunity for future research.
Furthermore, our patient population exhibited a median duration of symptoms of 9 months prior to surgery. While it must be acknowledged that outliers may prolong the mean duration of symptoms, the median helps to illustrate the accurate duration of symptoms in our study population. The duration of symptoms was also controlled for in the multivariate analysis and yielded no significant difference between the 2 cohorts. Additionally, all patients undergo the same conservative treatment prior to surgery; thus, this regimen may have been successful for some patients with prolonged duration of symptoms until they required surgery.
No significant differences were found in reoperation rates or postoperative SF-12 and VR-12 scores between far lateral and central/paracentral HNP groups. Previous literature comparing post-surgical outcomes of central/paracentral and far lateral HNP is scarce. However, literature assessing the difficulty associated with addressing far lateral HNP is extensive, and operative management remains controversial.
12,16 Increased difficulty associated with lumbar discectomy of far lateral HNP may be attributed to their lower incidence, as well as their anatomical positioning compared with the more common central/paracentral herniations. In addition, inherently difficult anatomic access to the lateral interpedicular compartment may increase risk of causing nerve damage, or damaging the overlying facet joint, which can place the patient at risk of spine instability, resulting in spinal fusion surgery in the future. 1, 2 However, despite the notion that far lateral HNP may be associated with a technically more difficult surgical procedure, our study has found that patients presenting with far lateral disc herniations can expect similar outcomes to patients presenting with central/paracentral herniations with no increased risk of reoperation. This information can be used in support of surgical treatment for far lateral HNP, as previous literature has suggested that conservative management may result in relatively high non-operative success rates. 18 The present study does have important limitations. While the present study explained the contradiction between the postoperative patient outcomes recorded per the ODI and VAS/SF-12/VR-12 measures, it is important to indicate that these do not measure the exact same domain. There is also evidence that these measures do not necessarily correlate. 19 Thus this incongruence could partially explain the contradiction between patient-reported postoperative ODI and VAS/SF-12/VR-12 scores. In addition, a substantial difference in sample size exists between the far lateral (n ¼ 15) and the central/paracentral (n ¼ 85) groups. Our sample size as a whole is also small, with a total of 100 patients. This may be attributed to the implementation of a 3-month follow-up cutoff postsurgery. Despite the small sample size, we were able to adequately analyze outcomes while factoring for MCID.
Conclusion
Despite the prevalence of lumbar microdiscectomy in treatment for lumbar disc herniation, literature is scare surrounding comparative postoperative outcomes of far lateral versus central/paracentral herniations. Given the anatomic predisposition to posterior root ganglion compression by far lateral herniations, these herniations are often associated with increased pain, radiculopathies, and burden on activities of daily life. Our study has found that although patients with far lateral lumbar disc herniations present with worse preoperative outcome scores, they can expect similar symptom improvement to central or paracentral herniations following discectomy. This information can be used for future surgeons when weighing conservative versus surgical treatment of far lateral herniations.
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